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Abstract 
Yamoussoukro, the political capital of Ivory Coast, is characterized by ten lakes built in the 1970s. These lakes cover an area of 
approximately 140 ha, with a catchment area close to 28.5 km2. Since the creation, they lost their aesthetic charm and they are 
today almost completely flooded by aquatic plants, with the exception of three lakes. This eutrophication is attributable to the
watershed use, and to the activities developed on the watersides and in the neighbouring habitats (domestic waste, oil, sewage,
sludge drain). Besides, they are affected by a modification of their water balance, due to hydrological and hydrodynamical 
modifications, increased sedimentation and physicochemical pollutions. We propose here several complementary strategies for 
restoring the integrity status of these man-made lakes, protecting water resources and natural environments, in order to improve
public health, and contribute to the economic and social development of the neighbouring populations. 
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1. Introduction 
Health, livelihood and vulnerability are three points of connection between populations and their water 
environment [1], and the first two are closely related to sanitation. Waste generated by human beings can be excreta, 
urine, wastewater, solid wastes, industrial wastes, and agricultural wastes. In African countries, anthropogenic waste 
is mostly discharged into the environment without purification. Thus, untreated urban and industrial waste poses a 
threat in terms of health, human and economic development and natural resources. Indeed, waste may present 
hazards, such as microbial pathogens and hazardous chemicals, which will be detrimental to human and 
environmental health if left uncontrolled. 
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Nowadays, the majority of the developing countries are confronted with enormous environmental problems, in 
particular those related to the urban wastewater treatment. Indeed, surface waters, because of the anthropic activities 
conducted on their watersheds, are subject to multiple aggressions. Moreover, pollution of lakes is growing rapidly 
due to the lentic character, and thus weak turnover, of these ecosystems. The effluents released without adequate 
treatment into these waters are at the basis of their degradation (eutrophication, biodiversity loss, reservoirs of 
micro-organisms) and make them inappropriate for human consumption. 
It is the case in the city of Yamoussoukro, in Ivory Coast, where the unsanitary means of disposing of human 
waste have negative impacts on the health of the community, on environmental conditions in general, and on lakes 
in particular. Indeed, wastewater is characterized by high abundances of bacteria and by a high content of 
suspended, oxidizable matter. To better understand the problems of pollution of these aquatic environments, it is 
necessary to have a database for assessing these different phenomena as well as possible. 
The aim of this paper is to make a preliminary diagnosis of the man-made lake system of the city of 
Yamoussoukro, and propose solutions for its rehabilitation. 
2. Materials and methods 
Yamoussoukro, the political capital of Côte d'Ivoire, is located in the centre of the country between 6°40’ and 7° 
00’ N, and 5°10’ and 5°20’ W. The town has 10 lakes, built in the 1970s (Fig. 1). Communicating with each other 
by gravity, these lakes form a complex system, covering approximately 140 ha with a catchment area close to 28.5 
km2 (Table 1). These lakes constitute an important touristic and cultural heritage for this city. Population of 
Yamoussoukro increased from 8 020 inhabitants in 1965 to 221 000 inhabitants in 2010. 
Samplings for characterizing system health (physicochemical and microbiological) were performed both in the 
stations of wastewater treatment and in the lakes. Surveys were conducted among urban farms, with the support of 
the regional direction of the public health, the regional direction of environment, water and forests and the landfill. 
The physicochemical parameters were analyzed according to the AFNOR protocol [2]. 
Table 1. Characteristics of ten artificial lakes in the city of Yamoussoukro (see Fig. 1 for location of lakes) 
N° of 
lakes 
Surface of lakes 
(Km²) 
Surface of catchment area 
(Km²) 
Perimeter of lakes 
(Km) 
1 0.15 8.26 2.50 
2 0.14 1.31 2.20 
3 0.08 0.75 1.00 
4 0.09 1.34 1.60 
5 0.45 3.67 3.95 
6 0.10 0.95 1.55 
7 0.08 5.25 1.80 
8 0.10 0.80 1.60 
9 0.10 0.82 1.50 
10 0.11 4.35 1.70 
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Fig. 1. A view of the disposition of lakes in the city of Yamoussoukro (lakes numbered from 1 to 10) 
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3. Results
3.1. Sanitation systems and pollution sources 
In Yamoussoukro sanitation systems differ from one habitat type to another, with: 
- semi-collective sanitation systems (some districts, schools, hospitals, hotels and military sites); 
- autonomous sanitation systems (in some economic areas and high-class habitat types). 
On the whole, 17 stations of wastewater treatment, among which 13 using activated sludge and 5 using fixed 
biomass, were installed in the city. The diagnosis of the 17 stations of treatment revealed that only 3 of them are 
functional, 1 is in rehabilitation, and 13 are not functional and are abandoned. 
The lakes receive wastewater and solid waste from various human activities (domestic wastewater and solid 
waste, urban agriculture, schools, hospitals, hotels, restaurants, military camps, car washing services, car garages, 
gas stations, pasture of the cattle, washing on the banks of lakes) (Fig. 2). 
Fig. 2. A view of some human activities affecting the natural functioning of lakes 
3.2. Characteristics of wastewater 
Lakes receive about 38 300 m3 of wastewaters (blackwaters, greywaters, sludges) yearly. The results of the 
physicochemical analyses manifest the level of pollutants discharged daily into the lakes. Indeed, in the non-
functional stations, the measured parameters vary as follows: temperature (26.5 - 28.2 °C), pH (4.5 - 6.8), SS (350 - 
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5560 mg L-1), CDO (850 - 6500 mg O2 L
-1), BDO5 (500 - 9500 mg O2 L
-1), NTK (37 - 150 mg L-1), nitrate (0.01 - 
1.5 mg L-1), phosphate (28 - 95 mg L-1), ions (0.1 - 1.1 mg L-1), lead (< 0.02 mg L-1), copper (< 0.02 mg L-1). In the 
functional stations, organic pollution (BOD5) is reduced to 2/3 by the treatment. However, the effluents from the 
three functional stations remain charged (varying from 650 to 800 mg O2 L
-1).
The sites using phytosanitary products in the city are mostly located along the lakes (67 %) and other lowlands 
(33%) (Fig. 3). These products are pesticides and insecticides (acaricides. nematicides and fungicides), and manures. 
The survey of farmers in Yamoussoukro allowed listing 31 trade names of pesticides, 15 active substances and 8 
families. Pyrethroids (28%) are mostly used. Dithiocarbonates and organophosphates are the least used among the 
most important chemical groups (pyrethroids, organochlorines and carbonates). Dithiocarbonates, organophosphate 
and various pesticides, which regroup several different chemical families, represent 12% of the pesticides used. 
Fig. 3. A view of farming activities near lakes 
3.3. Quality of the water of the lakes 
The man-made lakes of Yamoussoukro receive important quantities of erosion products and waste (wastewater, 
faecal sludge, sewage, oil from engines in garages). Overall, the physicochemical and microbiological 
characteristics of waters of lakes fluctuate as suite: temperature (26.90 and 28.85 °C), pH (5.84 and 7.10), MES 
(5.50 and 69.00 mg L-1), conductivity (34.35 and 89.00 µS cm-1), oxidizability (21.67 and 32.00 mg O2 L-1), nitrite 
(0.03 and 0.26 mg L-1), nitrate (1.00 and 3.00 mg L-1), ammonium (1.75 and 7.93 mg L-1), phosphate (0.51 and 2.99 
mg L-1), chloride (14.07 and 28.22 mg L-1), ion (0.40 and 1.33 mg L-1), calcium (7.70 and 16.30 mg L-1), manganese 
(0.01 and 0.04 mg L-1), fecal coliforms (25 and 135.1010 x 100 mL-1), total coliform (39 and 142.1010 x 100 mL-1),
Salmonella (25 and 135.1010 x 5 mL-1).
On the ten lakes of the city, seven (lakes N° 1, 5, 6, 7, 8, 9 and 10) are more or less completely invaded by 
aquatic plants and three (lakes N° 2, 3, and 4) are without plants (Fig. 4). 
Besides, there is a water balance change due to changing hydrological and hydrodynamical conditions, to 
sedimentation increase and physicochemical pollution of the lakes. 
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Fig. 4. A view of lakes invaded by aquatic plants (a and b) and lake without aquatic plants (c and d) 
4. Discussion
Originally designed to embellish the city, 70% of the man-made lakes of Yamoussoukro are today covered by 
aquatic plants. They lost their aesthetic charm, and are today almost completely flooded, with the exception of three 
lakes, by aquatic plants. This eutrophication is attributable to watershed use, and to the activities developed on the 
watersides and in the neighbouring habitats. Indeed, the man-made lakes of Yamoussoukro receive important 
quantities of erosion products and waste (domestic waste, oil, sewage, sludge drain), and significant quantities of 
untreated urban wastewater and solid waste. Lakes receive about 38 300 m3 of wastewaters (blackwaters, 
greywaters, sludges) yearly. Most of the wastewater treatments stations (76%) are useless, and even those that are 
functional are not satisfactory. Indeed, the effluents from the three functional stations remain charged, with pollutant 
concentrations greater than the discharge standards of WHO. 
The city of Yamoussoukro produces yearly 87 599 tons of domestic solids wastes. According to the statistics of 
the landfill from 2005 till 2010, only an average of 30 % is collected and put in discharge. Thus, 70 % of the 
domestic solids wastes (around 60 000 tons) are stored on the watershed of the lakes and mobilized in lakes by 
rainwater.
In addition, the rainwater drives towards lakes the solid particles and suspended solids (silt, sands, gravels). 
Results reported on pesticide use around the lakes in the town of Yamoussoukro, arouse much concern. Most 
farmers around the lakes have no knowledge about the risks that could cause the pesticides to their own health as 
well as to the environment. This is illustrated by the absence of management of the empty packing materials by most 
farmers that use the pesticides. Yet, the majority of the farmers throw them into the brush and water points along the 
cultivated sites. Unfortunately, even empty containers, are a source of water pollution. These practices are even 
more dangerous that the waters of the town of Yamoussoukro communicate with each other. The doses of pesticides 
a b
c d
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applied are strongly influenced by the equipment used for the treatment. Generally, when treatment is carried out 
with a sprayer the applied dose is less than the recommended one, which is not always the case when the treatment 
is done with a watering can. For example, for the same given quantity of product, the watering treatment requires a 
bigger quantity (being able to attain 10 times more water) for a much smaller area (being able to be 4 times as small) 
as those recommended. In addition, using the watering (59% of farmers) favours an increase in runoff. Much of the 
phytosanitary products are transported in the lakes, which actively increases water pollution of lakes. These 
pesticides residues can then contaminate the trophic chains. 
Persistent contamination of water resources and of aquatic food webs results in human diseases, scarcity of 
resources, reduction of economic activity, loss of income, and expensive medical and water treatment. For example, 
a close relationship doest exist between eutrophication of lakes and the resurgence of malaria, with an increase of 
16% of cases per year since 2003. Besides, lakes are affected by a modification of their water balance, due to 
hydrological and hydrodynamical modifications, increased sedimentation and physicochemical pollutions. 
Wastewater contains substantial quantities of nitrogen, phosphorus, and organic matter [3]. Indicator bacteria are 
also present in large numbers [3,4,5]. The need for treatment of the wastewater depends upon its final discharge or 
use. For discharge to inland lakes or rivers and use for irrigation or groundwater recharge, a secondary treatment is 
recommended [3,4,5]. This may be achieved using unsaturated flow drying beds for the purification of sludges 
characterized by high bacterial densities, suspended and oxidizable matter content [5,6], and using a vertical-flow 
constructed wetland planted for greywater [7]. Where natural conditions are favourable, soil infiltration is a cost 
effective option that gives excellent wastewater treatment [8]. Substantial amounts of plant nutrients and organic 
matter are present in household waste, waste from food processing industries [9], as well as in agricultural 
fertilizers. Theoretically speaking, the nutrients contained in domestic wastewater and organic waste are nearly 
sufficient to fertilize crops to feed the world population [10]. According to [11], 20-40% of the water consumption 
in most cities is used to flush toilets. In order to evolve towards a sustainable society, Jenssen [12] advocates to 
recycle nutrients, reduce the water consumption and minimize the energy needed to operate waste treatment 
processes. 
Restoring the integrity status of lakes in the town of Yamoussoukro would answer to objectives of preservation of 
public health; protection of water resources and natural environments; and would finally contribute to economic and 
social development. 
We propose several strategies in order to restore the lake system of Yamoussoukro: 
- feed water lakes as initially planned from the natural source upstream to fight against the imbalance of water 
balance; 
- repair all valves connecting to ensure an adequate flow of water between different lakes; 
- define, build and develop the protection zones for the lakes; 
- stabilize the lake shores with grass; 
- clean out the parts of the lakes that are completely dry and overgrown by macrophytes; 
- export plant biomass to produce compost or biogas; 
- restore all the 17 stations of wastewater treatment of Yamoussoukro, because to date only 3 are in good 
condition; 
- deny all motorized farming activities around lakes, especially in the protection area; 
- remove the sources of pollution by offering alternatives to discharges of wastewater and solid waste; 
- propose a recycling program for the oil from engines in garages and gas stations; 
- educate all people of the city by making the link between their habits and current status of the lakes; 
- propose a monitoring program (hydrobiology, hydraulics, hydrology, and sedimentology) for the whole lake 
system. 
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